Previous studies on primary biliary cirrhosis (PBC) have focused on the role of T lymphocytes as potential effectors of tissue injury. We hypothesized that single nucleotide polymorphisms (SNPs) of genes involved in lymphocyte proliferation would be responsible for uncontrolled expansion of T cells and autoreactivity. To address this, we genotyped DNA from 154 patients with PBC and 166 ethnically matched healthy controls for SNPs of five candidate genes (60G/A CTLA-4, 1858 C/T LYP, -IVS9 C/T foxp3, p1323 C/G ICOS and -9606 T/C CD25) using a TaqMan assay.
Introduction
Autoimmune diseases recognize a multifactorial etiopathogenesis (Roitt et al. 1992) , most likely requiring environmental triggers to operate on a susceptible genetic background. In recent years intensive work has been performed to elucidate such genetic predisposition to autoimmune syndromes, especially following the completion of the human genome project. Based on the fundamental role of the major histocompatibility complex (MHC) in antigen presentation, much effort has been put into the dissection of its subtypes identifying significant and consistent associations only in some cases (Shiina et al. 2004) . In this context, primary biliary cirrhosis (PBC), an autoimmune disease characterized by high-titer serum anti-mitochondrial autoantibodies (AMA) and tissue inflammation localized to the small and mediumsize intrahepatic bile ducts (Kaplan 1996; Dienes et al. 1997) , is interesting because it has no definite HLA association (Jones et al. 2003) . The study of autoepitope localization (Van de Water et al. 1995) , T lymphocyte reactivity (Shimoda et al. 1995; Kita et al. 2002) , and local tissue reactivity (Yasoshima et al. 1995; Katayanagi et al. 1998) have suggested that the essential mechanism leading to organ damage is mediated by T cells (Ludwig et al. 1978; Hashimoto et al. 1993 ). We hypothesized that, similar to what observed in type I diabetes (Pop et al. 2005) , autoimmune thyroid diseases (Setoguchi et al. 2005) , and systemic lupus erythematosus (SLE) (Liu et al. 2004 ), a primary defect in T cell proliferation would explain the expansion of self-reactive clones in PBC. To investigate this phenomenon, we genotyped a large population of patients with PBC and healthy controls for the presence of single nucleotide polymorphisms (SNPs) of 5 genes involved in T cell expansion. In particular, we studied the prevalence of 60G/A CTLA-4 (cytotoxic T lymphocyte-associated antigen-4), 1858CT LYP (lymphoid thyrosine phosphatase) and -IVS9 C/T foxp3 SNPs, all previously associated with susceptibility to autoimmunity. Moreover, we studied the p1323 C/G ICOS (Inducible T cell costimulator) and -9606T/C CD25 SNPs (Table I) .
Materials and methods

Study population
After written consent, blood samples from 154 patients with PBC consecutively enrolled at the Liver Clinic of the San Paolo School of Medicine (Milan, Italy) were obtained. Clinical characteristics of the enrolled population are presented in Table II . In all cases, the diagnosis of PBC was based on internationally accepted criteria: i.e. presence of serum AMA at titer higher than 1:40, histological evidence of liver damage compatible with PBC, and elevated alkaline phosphatase (. 1.5X normal value) for longer than 6 months (Kaplan 1996) . Disease stage was classified as early (histological stages I-II) or advanced (stages III -IV) PBC (Ludwig et al. 1978) ; the latter was also defined by a history of major complications related to portal hypertension. Seventysix of 154 patients (49.4%) in our series presented early disease. Serum AMA testing was performed by indirect immunofluorescence. A population of 166 age and sex matched healthy subjects, sharing the same ethnical background as the patients, was used as control. The protocol corresponded to the guidelines of the Declaration of Helsinki (Edinburgh, 2000) .
DNA extraction and SNP analysis
DNA was extracted from whole blood using a commercially available kit (Instagene Matrix; BioRad Laboratories, Segrate, Italy) and stored at 2 208C until used for genotyping. SNP analysis was performed using TaqMan SNP Assay-on-Demand for ICOS and CTLA-4 and TaqMan Assay-by-Design for foxp3, LYP and CD25 (Applied Biosystems. Foster City, CA); primers were custom designed by Applied Biosystems (Table I) . Polymerase chain reaction (PCR) amplifications were performed according to the manufacturer's instructions in 10 uL reactions, using TaqMan no AmpErase Universal Mastermix (Applied Biosystems), TaqMan primers and 5-10 ng of sample DNA. The assays were performed in 96 well PCR plates, each containing three negative and three genotyping controls. The PCR protocol included an initial denaturation step at 958C for 10 min, 40 cycles of a 15 s 928C denaturation followed by a 1 min 658C annealing step. Allelic discrimination based on fluorescent quencher analysis (VIC -FAM) was assessed on a 7900HT Detection System (Applied Biosystems). Reproducibility of every set was confirmed by independent re-test of a randomly chosen subpopulation of samples.
Statistical analysis
Differences in allelic frequencies were assessed by Fisher's exact test, followed by calculation of odd ratios and 95% confidence intervals if statistical significance was detected. Differences in genotype frequencies among the respective groups were evaluated by chi square calculation with one degree of freedom in 3 £ 2 contingency tables. Stratification analysis was performed on the cohort to investigate the effects of sex, disease severity and antibody status. All analyses were two-tailed and P values , 0.05 were considered as statistically significant. Calculations were performed using GraphPad Prism software, version 4.0 (GraphPad Software, Inc., San Diego, CA).
Results
Allelic frequencies obtained in healthy controls in our study were consistent with previous data for 3 FoxP3, CTLA-4 and LYP SNPs while SNP frequencies for ICOS and CD25 were in accordance with GenBank frequencies. All SNP distributions were in HardyWeinberg equilibrium. A statistically significant difference could be identified in the genotypic distribution of the 60G/A CTLA-4 SNP between patients and controls. Decreased homozygosity rate of the genomic A allele was detected in patients with PBC (17.5 vs. 26.7% in controls, p ¼ 0.0411, Table III) while the GA and AA genotypes were accordingly associated with a decreased susceptibility to PBC (OR ¼ 0.4966, confidence interval 0.2807 -0.8784, p ¼ 0.0163). A concomitant increase in heterozygosity (56.5% in PBC vs 44.3% in controls) appeared, associated with no significant modification in allelic distribution ( p ¼ 0.4760). A significant reproduction of the distribution was linked with AMA positivity ( p ¼ 0.0304). No correlation could be detected with disease severity.
No differential allelic expression among patients with PBC and healthy controls was identified for the 1858C/T LYP SNP, nor could any association with disease stage be evidenced. However, a correlation between LYP * Tand serum AMA negativity was found (OR ¼ 3.619, confidence interval: 1.431 -9.153, p ¼ 0.0094) and confirmed in genotypic distribution (Table III) .
No discrepancies in total allelic frequencies or genotype distributions (Table III) among patients with PBC and controls and no divergence in relation to disease stage or AMA status was noted for -IVS9 C/T Foxp3, p1323 C/G ICOS and -9606 T/C CD25.
Discussion
In the attempt to identify candidate genes potentially involved in the lymphocyte dysregulation characterizing PBC, we genotyped a large population of patients and controls and detected differences in genotype distribution for the 60G/A CTLA-4 SNP between patients and controls and for the CTLA-4 and LYP SNPs depending on the AMA status. Interestingly, CTLA-4 is a key inhibitor of uncontrolled T lymphocyte proliferation, fundamental for the maintenance of peripheral tolerance. Its transcript presents a vast number of SNPs, tied by variable degrees of linkage (Kristiansen et al. 2000) . In particular, the 3 0 -UTR -60G/A SNP has been associated with susceptibility to SLE (Barreto et al. 2004; Torres et al. 2004 ), multiple sclerosis (Suppiah et al. 2005) , and celiac disease (Hunt et al. 2005) , either isolated or in association with linkage markers (Zhernakova et al. 2005) . Moreover, Ueda et al. (2003) demonstrated that the association of the 2 60 A allele in linkage equilibrium with another genetic polymorphism, the CTLA-4 * þ 49A allele correlated with the production of the soluble (s) form of the receptor. S-CTLA-4 appears to have a direct regulatory function, binding in a competitive manner to the common ligands of CTLA-4 and CD28, B7-1 and B7-2, thus inhibiting proliferation by CD28 stimulation. Due to linkage patterns, the susceptibility allele G can be identified in healthy and affected individuals, making a complete linkage analysis of the region necessary for further elucidation. Encouraged by previous findings of CTLA-4 SNP association in PBC (Agarwal et al. 2000) , we analyzed the -60G/A SNP confirming the pattern of celiac disease (Hunt et al. 2005) , i.e. a decrease in homozygosity of the protective A allele, but we could not detect a concomitant increase in homozygosity of the putative susceptibility allele. The small subpopulation of AMA negative patients also resembles this genotype distribution. These apparently controversial results could be explained either by the limited size of the cohort or the previously described linkage pattern occurring in the region. Given the difficulty in recruiting extended cohorts of patients for rare diseases and ideally genetically homogeneous controls (Tsuneyama et al. 1998 ), a future analysis would have to focus on detailed sequencing and microsatellite dissection of the area, to allow a clarification of the genetic relevance of CTLA-4 to PBC. Issues correlated with cohort size also apply to the small subpopulation of patients with AMA-negative PBC, namely 5 -10% of affected individuals (Miyakawa et al. 2001; Talwalkar et al. 2003) . We are aware that the statistical power of the present comparisons and the obtained data might be questionable, mainly due to the difficulty in recruiting a sufficient number of subjects in this subgroup. Nonetheless, our findings on 1858T * LYP are intriguing, since this regulatory gene could be related to T to B lymphocyte interactions and autoantibody production. The polymorphic 1858T * LYP allele interferes with the binding of the negative regulatory kinase Csk to the activatory kinase LYP, thus deregulating the intracellular cascade and leading to lymphocyte expansion (Bottini et al. 2004) . The polymorphism at position 1858 has been associated with autoimmune diseases (Hinks et al. 2005; Viken et al. 2005) but not to primary sclerosing cholangitis (PSC) (Viken et al. 2005) , an autoimmune chronic cholestatic liver disease sharing several features with PBC but targeting also the large bile ducts (Wiesner et al. 1985) . We could not identify a different distribution between PBC cases and healthy controls, but detected a significant association with AMA negativity.
Finally, neither an association with prevalence of PBC, nor correlation with disease severity or antibody status could be identified with any of the other analyzed SNPs. Considering the demonstrated expression of B7 by biliary epithelia (Tsuneyama et al. 1998) , the potential role of ICOS, one of its natural ligands, warrants further investigation. Moreover, interesting data on the differential expression of T regulatory cells in autoimmune liver diseases (Longhi et al. 2004 ) drew our attention to CD25 and foxp3. Nonetheless, we could not identify any association with SNPs in both genes, thus preventing us from confirming a recent report on the expression of foxp3 in PBC (Park et al. 2005 ).
In conclusion, we have identified other possible candidate genes that might explain, at least in part, PBC onset and progression. The recent development of platforms allowing high-throughput analysis of a large number of SNPs at once (Syvanen 2005 ) may offer in the near future solid preliminary data to guide the selection of candidate polymorphisms for future studies on large series of patients and controls.
